Objective: We developed a new equation for predicting coronary heart disease (CHD) risk in Korean diabetic patients using a hospital-based cohort and compared it with a UK Prospective Diabetes Study (UKPDS) risk engine. Methods: By considering patients with type 2 diabetes aged ≥30 years visiting the diabetic center in Boramae hospital in 2006, we developed a multivariable equation for predicting CHD events using the Cox proportional hazard model. Those with CHD were excluded. The predictability of CHD events over 6 years was evaluated using area under the receiver operating characteristic (AUROC) curves, which were compared using the DeLong test. Results: A total of 732 participants (304 males and 428 females; mean age, 60±10 years; mean duration of diabetes, 10±7 years) were followed up for 76 months (range, 1-99 month). During the study period, 48 patients (6.6%) experienced CHD events. The AUROC of the proposed equation for predicting 6-year CHD events was 0.721 (95% confidence interval [CI], 0.641-0.800), which is significantly larger than that of the UKPDS risk engine (0.578; 95% CI, 0.482-0.675; p from DeLong test=0.001). Among the subjects with <5% of risk based on the proposed equation, 30.6% (121 out of 396) were classified as ≥10% of risk based on the UKPDS risk engine, and their event rate was only 3.3% over 6 years. Conclusion: The UKPDS risk engine overestimated CHD risk in type 2 diabetic patients in this cohort, and the proposed equation has superior predictability for CHD risk compared to the UKPDS risk engine.
INTRODUCTION
The main cause of death in patients with diabetes mellitus is coronary heart disease (CHD).
1,2 Therefore, it might be very valuable to predict which patients with diabetes will have CHD. Although recent studies have concluded that there is no clinical benefit of routine screening of asymptomatic patients with diabetes, 3,4 diabetic patients with silent ischemia have poor outcomes 5 and asymptomatic diabetic patients with CHD suffer more future cardiac events than symptomatic patients do. 6, 7 Considering that the prognosis of severe coronary artery lesions is better with aggressive intervention such as revascularization 8 and that asymptomatic diabetic patients have a comparable risk of CHD events to non-diabetic subjects presenting chest pain, 9 it might be important to select the subjects with high risk of future CHD events regardless of cardiac symptom if they have diabetes.
A recent US report demonstrated that among US diabetic adults, the death rate from cardiovascular disease declined 32% every 10 years from 1988-1994, to 2010-2015. 10 It might be resulted from the improvements of managing CHD risk factors in diabetic subjects 11, 12 and implicated that detection of individuals with high risk of CHD and management of the risk factors vigorously is important to reduce not only CHD events but also mortality in them. However, conventional risk factor-based approach cannot identify high-risk patients in screening tests in recent studies 4, 13 and UK Prospective Diabetes Study (UKPDS) risk engine 14 which was most frequently used tool for calculating future CHD risk specifically in diabetic subjects has been reported to overestimate the risk of CHD events. 15, 16 It might be also resulted from the improvements in the management of diabetic patients with multiple CHD risk factors and associated reduction of the vascular complications and mortality rates from any cause and cardiovascular causes in diabetic patients in recent years. 11, 12 Although UKPDS risk engine was developed specifically for diabetic subjects 14 and has superior predictability of CHD event in diabetic patients compared to Framingham risk scoring, it is based on UKPDS population enrolled between 1977 and 1991 and it has been reported to overestimate the risk of CHD events in the study subjects enrolled later than UKPDS. 15, 16 Furthermore, as Asian population showed lower incidence of CHD 17 and different risk profiles of CHD 18 compared to Caucasians, new CHD risk calculation tool in Asian diabetic patients should be developed.
Here, we developed the new equation for predicting CHD risk in Korean diabetic patients using hospital-based cohort and compared its clinical usefulness with that of UKPDS risk engine.
MATERIALS AND METHODS

Subjects and study design
Retrospective cohort was based on the entire patients with type 2 diabetes aged ≥30 years visiting the diabetic center in Boramae Hospital in 2006. Exclusion criteria included past medical history of angina pectoris, myocardial infarction or coronary revascularization; abnormal electrocardiogram; and major severe illness. Subjects who were enrolled in the clinical trials were also excluded. A total of 916 subjects were enrolled and their median follow-up period was 6.3 years. After excluding subjects with insufficient clinical data to calculate the CHD risk equation, 732 (304 males and 428 females) were included in the analysis. CHD events during the follow-up period were evaluated by retrospective chart review in Boramae Hospital and causes of death statistics from Statistics Korea. We developed the multivariable equation for predicting CHD events using the Cox proportional hazard model with the stepwise selection. This study was conducted in accordance with the provisions of the Declaration of Helsinki for the participation of human subjects in research and was approved by the Institutional Review Board of Boramae Medical Center (No. 06-2012-88).
Definition
Diabetes mellitus was defined according to the American Diabetes Association criteria as: glycated hemoglobin (A1c) ≥6.5%, fasting plasma glucose concentration ≥7.0 mmol/L, 2-hour plasma glucose ≥11.1 mmol/L during the 75-g oral glucose tolerance test, and/or as taking oral anti-diabetic agents or insulin. 19 Hypertension was defined as a systolic blood pressure ≥140 mmHg or a diastolic blood pressure ≥90 mmHg, or as taking antihypertensive medications. 20 Family history of CHD was defined as heart disease in first-degree relatives. CHD events consisted of the composite of unstable angina or nonfatal myocardial infarction confirmed by coronary angiography, coronary revascularization, and cardiac death. Cardiac death included fatal myocardial infarction; death due to heart failure or arrhythmia; or sudden cardiac death.
Statistical analysis
All data were analyzed using IBM SPSS Statistic 20.0 for Windows (IBM Inc., Chicago, IL, USA) and R version 3.1.0 (R Project, Vienna, Austria; http://www.r-project.org). Comparing demographic and clinical predictors between 2 groups was conducted with 2 sample t-test for continuous variables, and χ 2 test or Fisher's exact test for categorical variables. In order to investigate the new equation for prediction of CHD events, we fit a Cox proportional hazards model with predictors of interest such as age, sex, BMI, duration of diabetes, HbA1c, blood pressure, low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglyceride, albuminuria, creatinine, smoking history, and family history of CHD, and 2-way interaction terms between sex and all other predictors for considering differential sex effects. The final model was selected with the stepwise selection based on Akaike Information Criterion (AIC). 21 Discrimination, the ability to distinguish between those who experienced the event and those who did not, was evaluated using Harrell's concordance (c) index. Interval validation was performed using bootstrap technique with 10,000 replicates followed by generating the accelerated biascorrected percentile confidence intervals (CIs). 22 A slope shrinkage estimate derived from the bootstrap sample whose value close to 1 represents less overfitting problem in the final model. The predictability of CHD events during 6 years was using area under the receiver operating characteristic (AUROC) curve and AUROC of each prediction model was compared by DeLong test. 23 Additionally, calibration, namely, how closely the prediction reflected observed events, was assessed for each event by the Hosmer-Lemeshow goodness of fit test. The level of significance was set at p<0.05.
RESULTS
Baseline characteristics according to future CHD events
A total of 732 participants (304 males and 428 females) were included in the analysis. The mean age of the subjects was 60±10 years and their mean duration of diabetes was 10±7 years. Baseline mean HbA1c was 7.4%±1.3%, mean LDL-C was 2.6±0.7 mmol/L and mean body mass index (BMI) was 24.8±3.4 kg/m 2 . There was no difference in duration of diabetes, BMI, systolic blood pressure, LDL-C or triglyceride between males and females. However, females were significantly older (mean age, 58±10 years in males and 61±10 years in females; p<0.001) and had higher HbA1c (mean HbA1c, 7.3%±1.2% in males and 7.4%±1.3% in females; p<0.001) compared to males.
Their median follow-up period was 76 months (range 1-99 month). During the study period, 48 patients (6.6%) experienced CHD events. Compared with subjects who did not develop CHD, those who developed CHD at follow-up were older (p=0.015) and showed a higher prevalence of albuminuria (p=0.020) ( Table 1) . However, baseline HbA1c, blood pressure, HDL-C and LDL-C levels, prevalence of family history of CHD, smoking history did not significantly differ between subjects with or without CAD events. At baseline, 19.4% of patients managed their glucose level with insulin and 67.1% with metformin; there was no difference in that medication according to CAD events ( Table 1 ). The proportion of subjects taking statin at the baseline did not differ either; that was 44.3% in the subjects without CHD events and 47.9% in the subjects with CHD events (p=0.626).
Development of new equation for prediction of CHD events
Age, sex, BMI, duration of diabetes, HbA1c, blood pressure, LDL-C, HDL-C, TC, triglyceride, albuminuria, creatinine, smoking history, family history of CHD, and 2-way interaction terms between sex and all other predictors were considered for development of new equation using https://doi.org/10.12997/jla.2018.7.2.110
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https://e-jla.org Cox proportional hazard model with the stepwise selection. The hazard ratios (HRs) and β-coefficients with 95% CI of the predictors selected for the new equation were listed in Table 2 . Of the predictors incorporated in UKPDS risk engines, age, sex, HbA1c and HDL-C were also selected for the new equation; whereas, smoking status was not. Instead, family history of CHD, albuminuria, BMI and creatinine were added in the new equation. The Harrell's c-index for discrimination of our new equation was 0.698 (95% CI, 0.614-0.781) and the bias-corrected c-index from the internal validation was 0.664 (95% CI, 0.600-0.731), which showed that our new equation had low overfit bias. In addition, a slope shrinkage estimate was 0.977, which indicated new equation had good calibration.
As there was a significant interaction with sex on the equation, we also developed the sexspecific equation for males and females respectively ( 
Comparison between new equation and UKPDS risk engine for prediction of CHD events
According to the new equation, 396 (54.1%) subjects had <5% of 6-year CHD event risk, 230 (31.4%) had 5%-10% and 106 (14.5%) had ≥10% of 6-year CHD event risk. Among the subjects with <5% of risk, 13 (3.3%) experienced CHD events during 6 years whereas 17.0% of subjects with ≥10% of risk experienced CHD events during the same period ( ( Table 3) . Among entire subjects with ≥10% risk according to UKPDS risk engine, 7.3% (23 out of 314) experienced CHD events within 6 years of follow-up.
Hosmer-Lemeshow goodness of fit test showed that the new equation revealed good calibration within 6 years CHD events (p=0.468). Similarly, there were no significant discrepancies in sex-specific equations for 6-year CHD events (p=0.108 for males and p=0.798 for females, respectively).
AUROC of the new equation for prediction of 6-year CHD events were 0.721 (95% CI, 0.641-0.800) which is significantly larger than that of UKPDS risk engine, 0.578 (95% CI, 0.482-0.675; p from DeLong test=0.001). We estimated and compared its predictability with UKPDS risk engine in each year from the baseline. AUROC of the new equation was superior in 3-6 years from the baseline ( Fig. 1 and Supplementary Table 1) . We subsequently analyzed the predictability of the new equation in each sex. In males, AUROC for 6-year CHD events were 0.822 (95% CI Table 2 ).
Next, we performed the stratified analysis according to age to investigate whether age affected the predictability of the new equation (Table 4) 
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DISCUSSION
We investigated the performance of UKPDS risk engine in the hospital-based cohort of 2006 including entire type 2 diabetic patients aged ≥30 years who had no history of CHD and found that the UKPDS risk engine showed moderate to poor discrimination for 6-year CHD (AUROC, 0.578 [95% CI, 0.482-0.675]). Furthermore, among subjects with ≥10% risk according to UKPDS risk engine, only 7.3% (23 out of 314) eventually experienced CHD events within 6 years of follow-up. It was corresponded the previous studies in European 15 and Asian 16 which showed that UKPDS risk engine made an overestimation of the CHD risk. We successfully developed the new equation for predicting CHD risk fitting for type 2 diabetic patients in this study cohort.
Discrepancy between observed CHD event rate and UKPDS risk prediction might be from improvements of managing CHD risk factors in diabetic subjects. 11, 12 External validation of the UKPDS risk engine in European cohort also showed that UKPDS risk engine overestimates the risk of CHD more than 2 times (224%) 15 as in our study. Epidemiologic studies have shown that mortality were reducing prominently in diabetic patients compared to that in normal population in recent years. 12 Although UKPDS was conducted in the subjects with newly diagnosed diabetes aged 25- incidence of MI was 14%-17% and that of stroke was 4%-6%, 24, 25 which was higher than that in the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial conducted in diabetic patients aged ≥55 years, with a history of major macrovascular or microvascular disease or at least one other risk factor for vascular disease. In ADVANCE study, major macrovascular event rate was only 4.7%-5.5%. 26 In addition, recent studies have shown that a conventional risk factor-based approach cannot identify high-risk diabetic patients developing CHD 4, 13 ; also in a prospective cohort of Korea, there were no significant differences between subjects with and without CAD with respect to LDL-C or blood pressure in diabetic subjects. 9 Instead, autonomic neuropathy, 4, 27 retinopathy, 28, 29 and renal complications 30, 31 were useful CHD risk indicators in diabetic patients, which corroborates our studies. Comparing the predictors incorporated in UKPDS risk engines and our new equation, family history of CHD, albuminuria, BMI and creatinine were only shown in the new equation. Obesity is well-known risk factor of CAD in type 2 diabetic patients. 32, 33 Furthermore, the association between obesity and CHD might be different according to ethnicity 34, 35 and Asian population affected their CHD risk significantly by relative lower BMI cutoff compared to Caucasians. 35 Furthermore, UKPDS risk engine was developed in the predominantly Caucasian population, whereas ours was for Asian, known to have lower risks of CHD. 17, [36] [37] [38] In addition, effect size of risk factors on CHD can be different by race. 39 Hong Kong Diabetes Registry established in 1995 also showed that the UKPDS CHD risk engine overestimated the risk of CHD with suboptimal discrimination. 16 In Hong Kong Diabetes Registry, age, creatinine, albuminuria, duration of diabetes and non-HDL-C was incorporated in the equation to predict CHD event 16 ; whereas in Japanese diabetic patients, sex, age, HbA1c, blood pressure, non-HDL-C and smoking history were selected to predict CHD risk. 40 In our cohort, we found significant interaction with sex on the risk equation. It has been already known that there is sex difference in risk factors for predicting CHD events. [41] [42] [43] Furthermore, in our study, females are significantly older and have a high glucose level compared to males. Although we did not have information of menopausal status, mean age of females in our study was over 60 years and it has been known that menopausal females have higher CHD risk compared to premenopausal females. 44 Females are at lower risk for CHD than males 14, 29, 45 ; however, this disparity tends to disappear after menopause. 46 In addition, the association between diabetes and CHD mortality is reported to be higher in females compared to that in diabetic males. 41, 42 Females in our cohort are relatively older even comparing to other previous cohorts including UKPDS 14 or Hong Kong Diabetes Registry, 16 which might result in higher HR for CHD in females compared to males in our new equation compared to that from other cohorts. 14, 16 We subsequently developed the sex-specific equation for males and females respectively. Notably, in the females-specific equation, only age and BMI were selected as variables predicting CHD risk. Comparing UKPDS risk engine in and the females-specific equation in our study, new equation shows a better predictability. In males, family history of CHD, systolic and diastolic blood pressure, TC, LDL-C, triglyceride, and albuminuria were selected for the sex-specific equation. Although the predictability of males-specific equation reached at 0.812 (95% CI, 0.703-0.920) of AUROC, there was no statistical difference compared to that of UKPDS (0.743 [95% CI, 0.612-0.874]). Smoking history was not included in the new equation including sex-specific model. Relative low prevalence of current smokers, that is, about 14% which was about a half of that in UKPDS 14 might be the cause.
Considering that previous risk engines developed even in Asian diabetic populations such as Hong Kong 16 and Japan 40 were quite different from each other, external validation of our new equation is warranted to evaluate the clinical usefulness in general population. In Hong Kong Diabetes Registry, age, creatinine, albuminuria, duration of diabetes and non-HDL-C was incorporated in the equation to predict CHD event 16 ; whereas in Japanese diabetic patients, sex, age, HbA1c, blood pressure, non-HDL-C and smoking history were selected to predict CHD risk. 40 The main limitation of our study was retrospective cohort design, which resulted in selection bias during excluding the subjects who had insufficient data to calculate the CHD risk. In addition, absence of external validation of the equation is important weak point of our study. However, we confirmed that UKPDS risk score overestimates the risk of CHD event in type 2 diabetic patients in this cohort. Among the subjects with <5% of risk from the new equation, as much as 30.6% had ≥10% of risk from UKPDS risk engine and the prevalence of CHD events in them was only 3.3%. The performance of the new equation for prediction of CHD events was superior in 3-6 years from the baseline.
In conclusion, we successfully developed the equation for predicting CHD risk fitting for type 2 diabetic patients in this study cohort. It might be useful to guide for managing CHD risk factors and screening CHD in Korean type 2 diabetic patients. 
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